We present results of photoluminescence studies of the band gap of non-intentionally doped single-crystalline hexagonal InN layers and In-rich InGai_N alloy layers (0.36 < x < 1). The band gap of InN is found to be close to 0.7 eV. This is much smaller than the values of 1.8 eV to 2.1 eV cited in the current literature. A bowing parameter of b 2.5 eV allows one to reconcile our and the literature data for the band gap values of InGai_N alloys in the entire composition region.
InN and In-rich InGai_N alloys have not been investigated thoroughly because of difficulties associated with the growth of these compounds. At the same time, knowledge of their fundamental parameters is vitally important for the development of In-based nanostructures. Recently improved growth techniques have made it possible to obtain single-crystalline InN layers. Optical measurements on these layers revealed a strong photoluminescence (PL) band near the absorption edge in a range of 0.75 eV to 0.9 eV [1] . In the present work we argue that the PL bands of non-intentionally doped InN samples studied are similar to the high energy bands in PL spectra of heavily doped Ill-V or TI-VT crystals. The analysis of the PL data leads to the conclusion that the InN band gap is much smaller than the value of 1 .8 eV reported previously [2] . These findings are supported by PL studies of In-rich InGai_N alloys.
EXPERIMENT
Single-crystalline n-type InN epilayers were grown on (0001) sapphire substrates by the metal-organic chemical vapor deposition [3] (sample 1), and metalorganic molecular-beam epitaxy [4] (samples 2, 3 and 4) techniques. Hall measurements revealed free carrier concentrations of 6 x 1018, 9 x 1018, 1.1 x 1019 and 4.2 x 1019 cm3 in samples 1 to 4, respectively. A set of InGai_N alloys in the composition range of 0.36 < x < 1 was grown by plasma-assisted molecular-beam epitaxy under conditions similar to those for InN [1] . Only InN and InGaiN films with hexagonal structure, showing no traces of other polymorphs, as determined by x-ray and Raman measurements were investigated. An argon laser (2.54 eV) was used as an excitation source in the PL measurements.
EXPERIMENTAL RESULTS AND DISCUSSION
The high energy PL band in heavily doped semiconductors results from recombination of degenerate electrons with photoholes near the top of the valence band. The valence-conduction band diagram given in [6] combined with the results of [7] lead in the energy region hw > EG to the following shape of the PL band
where EG 5 charge carrier concentration-dependent papameter related to the band gap Eg, EF 5 the Fermi energy for the degenerate electrons, and f(h -EG
The value of 'y = 1 if only vertical interband transitions are allowed, y = 4 if the momentum conservation law is completely broken as a result of influence of defects and/or impurities on the hole states. The shape of the PL band of the degenerate electron gas has two characteristic features. The first one is a high energy wing of the band which shows an exponential decrease in the region of (hw -EG) EF due to a decrease of the electron population in accordance with Fermi function f(hw -EG -EF). The second is the low energy wing of the PL band at hw < EG which typically demonstrates the Urbach tail which can overlap with PL bands related to the recombination of electrons with deeper localized states of holes. Figure 1(a) shows PL spectra obtained at 77 K for the investigated InN samples and the fitted curves obtained using Eq. (1). The temperature estimated from the exponential slope of the high-energy wing of the PL bands is close to the measurement temperature for all crystals except the InN sample 4. This discrepancy is probably due to sample inhomogeneity and a very high doping level. The fitting further shows that y close to 4 should be used in Eq. (1) for the InN samples studied. It followes from Eq. (1) , that the low-energy parts of the fitted curves go to zero at hw -Eg defining the parameter Eg. The E9 value obtained from the fitting procedure was found to be close to 0.65 eV. ]It coincides for all InN samples studied within the accuracy of the model used. Taking into account uncertainties in the estimation procedure using Eq. (1) for reference heavily doped n-GaAs, it is safe to state that the E9 of hexagonal InN lies between 0.65 eV and the FL band The inset in Fig. 1(a) shows the PL and photomodulated reflectance (PR) spectra obtained for one of the InN samples. The zero point of the PR spectrum is close to the energy (hw -Eg) EF, and the shape of the PR spectrum indicates that the Fermi distribution of the electrons is affected by the. photomodulation.
The Fermi energies EF estimated from PL spectra are 112.5, 147.5, 167.5 and 245 meV in samples 1 to 4, respectively. The EF as a function of electron concentration n (cm3) under the assumption of isotropic electron band with the effective mass m* O.1m0 is given by EF = 16.6(mo/m*)(nx1O9)2/3 meV. The electron concentrations calculated from the Fermi energies are in good agreement with Hall measurements. The shift of the optical absorption edge of n-type InN due to the Burstein-Moss effect calculated in this model is presented in Fig. 1(b) . It can be seen that the absorption edge shifts considerably as the electron concentration increases. 
SUMMARY
To summarize, the analysis of PL data obtained on non-intentionally doped single-crystalline hexagonal InN leades to the conclusion that the true band gap of InN is E9 0.7 eV. This finding is supported by studies of the PL bands in In-rich InGai_N alloys and photorefiectivity measurements of InN layers. Our conclusions are also confirmed by first-principles calculations of the InN band gap. The discrepancy with the earlier data on Eg can be explained by the improved quality of InN layers. This explanation is supported by our study of InN samples with Eg of 1 .8 eV, which, according to x-ray and Raman data, are polycrystalline and exhibit Hall concentrations of electrons exceeding 4x 1020 cm3.
